The present investigation deals with the study of 
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medicine in blood veins (Das, 2009 , Raju and Varma, 2014 . The analysis of heat generation/absorption effect in temperature field plays a vital role when the moving fluids are undergoing exothermic and/or endothermic chemical reaction which finds application in nuclear energy, convection in Earth's mantle, fire and combustion modeling. In the literature, many of the researchers have shown interest to examine the heat transfer characteristics with the influence of temperature dependent heat source/sink when a notable temperature difference is observed between the surface of solid body and ambient fluid. However, it is widely accepted that the consideration of surface dependent heat source/sink in addition to the temperature dependent heat source/sink aids to increase the accuracy of the heat transfer. Some mathematical models are proposed in which the volumetric rate of heat generation/absorption has been assumed to be any one of the following: constant, function of space variables, frictional heating and the expansion effect. Nandeppanavar et al. (2011) , Okedoye (2014) , Pal and Mondal (2010) , Rahman et al. (2009) have studied and reported the significance of non-uniform heat source/sink in controlling the heat transfer in the boundary layer region.
The study of heat generation/absorption effects in fluids is important in view of several physical problems such as fluids undergoing chemical reactions. Thus in many industrial processes involving flow, heat and mass transfer over a surface, the diffusing species can be generated or absorbed due to some kind of chemical reaction with the ambient fluid which can greatly affect the flow and mass transfer characteristics. Processes involving the mass transfer effect have been recognized as important mainly in chemical processing equipments. The species generation in a homogeneous reaction is analogous to internal source of heat generation. In contrast, a heterogeneous reaction takes place in a restricted region or within the boundary of a phase. A chemical reaction is said to be of the first order and homogeneous if its rate is directly proportional to the concentration and it is a single-phase volume reaction. In addition, diffusing species generation or consumption caused by the reaction can be proportional to the l th order concentration difference between the surface and ambient fluid where l is a natural number. Convective heat and mass transfer with chemical reaction plays an important role in meteorological phenomena, burning of haystacks, spray drying of milk, fluidized bed catalysis and cooling towers (Alam et al., 2009 , Rahman and Al-Lawatia, 2010 , Rashidi et al., 2012 .
Soret effect has notable influence when large density differences exist in the flow regime. For example, Soret effect can be significant when species are introduced at a surface in fluid domain, with a density lower than the surrounding fluid. The Soret effect is also utilized for isotope separation and in mixture between gases with very light molecular weight (H2, He) and of medium molecular weight (N2, air). In many liquid mixtures, the Dufour effect is inoperative, but this may not be the case in gasses. The Soret and Dufour effects may become significant in many practical applications pertaining to the areas of geosciences and chemical engineering where the temperature and concentration gradients are high (Postelnicu, 2004 , RamReddy, 2013 .
In view of the above the investigations and numerous possible applications, we intend to analyze the influence of cross-diffusion effects on unsteady, free convective Casson fluid flow over a vertical cone saturated with porous medium. In literature, many studies have reported the heat and mass transfer characteristics with the influence of heat source/sink and chemical reaction but the influence of surface dependent heat source/sink and order of chemical reaction have been ignored. It is apparent that the accuracy of heat and mass transfer is increased when the surface dependent heat source/sink and order of chemical reaction are considered in addition to the temperature dependent heat source/sink and chemical reaction. The governing equations are solved using the Crank -Nicolson method and the features of the flow, heat and mass transfer characteristics are presented through graphs and the physical aspects are discussed in detail.
Mathematical Formulation
Consider a two-dimensional, unsteady, free convective flow of an incompressible Casson fluid over a vertical cone (with half angle α) saturated with porous medium of a coordinate system as shown in Fig. 1 .
It is assumed that the medium is isotropic, neither radiative nor dissipative. The x-axis is measured along surface of the cone and y-axis is measured perpendicular it. T w and C w are respectively, the temperature and concentration at the wall 0 y  at any time t are assumed to be higher than the respective ambient values T  and C  of the cone. The porous is assumed to be uniform (that is, it has a constant porosity and permeability). 
The appropriate initial and boundary conditions of the problem are
The non-uniform heat sink/source q''' is modeled as (Pal and Mondal, 2010) 
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In view of Eq. (7), the basic field of Eqs. (1) - (4) are expressed in non-dimensional form as
The appropriate initial and boundary conditions become
(12) The local skin Friction, Nusselt numbers and Sherwood number at the wall are
Average skin friction, Nusselt number and Sherwood number can be written as:
Finite Difference Numerical Solution
The set of coupled non-linear differential Eqns. (8) - (11) subjected to the initial and boundary conditions (12) are solved by implicit finite difference scheme of Crank -Nicolson type. The discretized form of the continuity, velocity, temperature and concentration equations are given as follows. Rashidi, Z. Yang/Journal of Naval Architecture and Marine Engineering 15(2015) [125] [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] [136] Casson fluid flow over a vertical cone with non-uniform heat source/sink and high order chemical reaction
The finite difference notation for initial and boundary conditions are , , . Computations are repeated until the steady state is reached. A convergence criterion based on the relative difference between the two consecutive iteration values is employed. When the difference reaches less than 10 -5 at all grid points, the solution is assumed to have converged and the iterative process is terminated. The scheme is unconditionally stable. The local truncation error is
and it tends to zero as t  , X  and Y  tend to zero. It follows that the Crank-Nicolson Method is compatible. Stability and compatibility ensure the convergence.
Result and Discussion
In order to get a clear insight of this mathematical model, the influence of various pertinent parameters on flow, heat and mass transfer characteristics have been analyzed and the results are furnished in form of Figs. 2 -20 and Tables 1 -2. The following choice of values for governing parameters are adopted based on the previous investigations, β = 1, K = 1, N = 0.5, P r = 2.97, A = 1, B = 1, D u = 0.15, S c = 0.22, K r = 1 and S r = 0.4; unless otherwise stated. The rise in β is used to dilute the strength of yield stress P y of the Casson fluid which enhances the value of plastic dynamic viscosity µ B and causing the resistance in fluid flow. An increase in porous permeability parameter accelerates the velocity along the boundary layer by deteriorating the resistivity of porous medium which is demonstrated in Fig. 3 . The influence of space and temperature dependent heat source (A > 0; B > 0) and sink (A < 0; B < 0) on the velocity profiles is presented in Figs. 4 and 5, respectively. It is clear from these figures that increasing the values of heat sources enhance the velocity profiles by heating the fluid whereas decreasing the values of heat sinks reduce the flow velocity by cooling the fluid. It is observed from Fig. 6 that an increase in Dufour number with a decrease in Soret number is used to increase the velocity profiles.
Figs. 7 -10 are plotted to show the influence of P r , A, B and D u & S r on temperature profiles, respectively. It is apparent from Fig. 7 that increasing the values of Prandtl number is used to decrease the heat transfer of the fluid. This is due to the fact that a higher Prandtl number fluid has relatively low thermal conductivity. The reduction in conductivity of fluid dilutes the thermal boundary layer thickness. The values of the Prandtl number are selected to represent the presence of air (P r = 0.71), methyl chloride (P r = 2.97), sulfur dioxide (P r = 4.24) and water at 20º (P r = 7). Fig. 12 that the presence of a destructive chemical reaction within the boundary layer has the tendency to decrease the concentration. This is accompanied by slight decreases in the solutal boundary layer thickness and the negative wall slope of the concentration profile. Fig. 13 represents that the mass transfer increases for increasing the order of chemical reaction. Species diffusion in the boundary layer is therefore assisted with high order chemical reaction. Fig. 14 presents the combined effect of Soret and Dufour numbers on the concentration profiles. An increase in D u with a decrease in S r is used to decrease the mass transfer. (Mohiddin et al. 2010 , Muthucumaraswamy et al. 2000 , Prasad et al. 2007 Fig. 19 that an increase in chemical reaction parameter is used to enhance the rate of mass transfer. Fig. 20 shows that the high order chemical reactions have the tendency to diminish the local Sherwood number profiles. 
Conclusion
In this paper, we have analyzed the unsteady Casson fluid flow over a vertical cone with the influence of crossdiffusion, non-uniform heat source/sink and high order chemical reaction. Some significant findings of this investigation are summarized as follows:
 An increase in Casson fluid parameter decreases the fluid flow whereas the reverse trend is observed for porous permeability parameter.  Higher values of Prandtl number have the tendency to reduce the temperature profiles.  The heat transfer characteristics of the fluid strongly depend on the temperature dependent heat source/sink as well as surface dependent heat source/sink.  An increase in Dufour number with a decrease in Soret number is to increase the heat transfer on the cone while the trend is reversed in the case of mass transfer.  The concentration profiles fall for increasing the Schmidt number and chemical reaction parameter.  An increase in order of chemical reaction parameter results in diluting the influence of chemical reaction parameter thereby increasing mass transfer profiles. This shows that heavier diffusing species have greater retarding effect in concentration distribution.
